INDIANA DEPARTMENT OF TRANSPORTATION

INTER-DEPARTMENT COMMUNICATION
Standards Section -- Room N642

June 15, 1998

DESIGN MEMORANDUM No. 98-01
TECHNICAL ADVISORY

TO: All Design, Operations, and District Personnel, and Consultants

FROM: /s/ Richard VanCleave
Richard VanCleave
Design Policy Engineer
Technical Services Division

SUBJECT: New Pipe Specifications, Standard Drawings, and Procedures
REFERENCE: Design Memorandum No. 98-01 Policy Change

EFFECTIVE: All Lettings after September 1, 1998

SUPERSEDES:  Design Memorandum No. 42 and All Addenda

INTRODUCTION

Approxi mately one year ago, Design Meno #42 was published to
i nform desi gners of the design procedures related to the pipe
specifications that becane effective wth the January 1998 edition of
t he Suppl enental Specifications. Since then, two addenda have been
distributed to clarify issues that sonme designers found confusing.
Because the Septenber 1998 version of the Suppl enental Specifications
i ncl udes additional pipe-related changes, it would normally be
necessary to publish a third addendumto discuss the required design
procedure revisions.

However, instead of witing a third addendumto Design Meno #42,
it has been decided to consolidate the information contained in the
original nmeno, the two previously published addenda, and the new
desi gn procedures associated with the changes included in the
Septenber 1998 edition of the Supplenental Specifications. This
consol i dat ed docunent has been desi gnated as Design Policy Menorandum
#98-01.
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This neno serves as a technical advisory and has been prepared
to provide additional instructions regarding the inplenentation of
the policy outlined by Design Policy Menorandum #98-01.

The changes included in the Septenber 1998 version of the
Suppl enental Specifications pertain to pipe end sections, concrete
anchors, safety netal end sections, and grated box end sections.
More information regarding the revised design procedures for these
itens appears later in this technical advisory.

RESPONSIBILITIES OF DESIGNERS

The foll owm ng checklist contains tasks that are comon to
projects that include pipe and related itens. Mre detailed
information related to each checklist itemis provided later in this
meno. | f an individual project presents issues not included in the
checklist, the Standards Section or Hydraulics Unit nust be contacted
for additional instructions.

Det erm ne Proposed Structure Layout.
Det erm ne I ndividual Structure Drainage Areas.
Perf orm Requi red Hydrol ogi cal Cal cul ati ons.
Determ ne Required Size & Type for Each Structure.
Perform Sanitary Sewer and Water Utility Coordination.
Pl an Preparati on.

Prelimnary Field Check Plans.

Fi nal Check Prints.
I dentification of Pay Itens/Quantity Cal cul ati ons.
Standard Drawi ng Sel ecti on.
Speci al Provision Requirenents.

In addition, this nenpo also details an alternate procedure for
contract docunent preparation that is appropriate for projects that
began pl an devel opnent prior to June 1, 1997.

TECHNICAL ADVISORY #98-01 SCOPE

This technical advisory applies to all projects that are let by
| NDOT. This includes projects for Local Public Agencies, the
Department of Natural Resources, INDOT Toll Road Division, or any
other party that uses the INDOT contract |letting process.
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For the purposes of this nmeno, it is assunmed that all projects
are designed by one of the follow ng:

| NDOT Central O fice Design Personnel
| NDOT District Design Personnel.

| NDOT Tol |l Road Division Personnel.
Consul t ant Desi gn Personnel.

Local Public Agency Design Personnel.

For projects designed by INDOT central office designers, the
Hydraulics Unit will performsone tasks that designers from other
organi zations performfor their projects. The tasks perfornmed by the
Hydraulics Unit are specifically identified in this meno. If no
reference to the Hydraulics Unit is nmade, the INDOT central office
designer is responsible for the performance of the task.

| f a project designer does not feel that he fits into one of
t hese categories, the Standards Section nmust be contacted for
addi tional instructions.

DETERMINE PROPOSED STRUCTURE LAYOUT

Usual |y, the designer’s first step in the hydraulic design
process is the devel opnent of the proposed drai nage structure | ayout
for the project. This |ayout can be as sinple as a single culvert
for a rural small structure replacenent project or as conplex as
multiple stormdrain systens for an urban street project. Regardless
of the conmplexity of the layout, it is the designer’s responsibility
to ensure that all runoff routed to the project area is perpetuated
in a manner that does not inpact the performance of the constructed
roadway or damage adj acent property.

In conjunction with establishing the proposed drai nage structure
| ayout, the designer nust identify the application for each
structure. Virtually every structure will be in accordance with one
of the follow ng applications:

Mainline Culvert-A culvert is defined to be a new structure
(pi pe, cast-in-place or precast reinforced concrete structure,
structural plate arch structure, etc.) that extends through an
enbanknment on both ends. The mainline designation indicates
that the culvert is installed under mainline pavenent.

Public Road Approach Culvert- A new cul vert structure under a
public road approach.

Driveway Culvert- A new cul vert structure under a driveway or
field entrance.
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Storm Drain-A newy installed structure that conveys runoff
and has at | east one end connected to a manhole, inlet, catch
basin, or simlar structure. Pipes connected to inlets

| ocated in paved nedi ans, grassed nedi ans, or |awn areas are
considered stormdrain structures.

Drain Tile- An existing subsurface drai nage structure, usually
install ed by an adjacent property owner, that nust be
perpetuated through the project area. Rules regarding the
perpetuation of these structures are discussed later in this
techni cal advisory.

Pipe Extension- Pi pe extensions involve the installation of new
pi pe at one or both ends of an existing pipe structure.
Concrete Culvert Extension- A concrete culvert extension is
defined as new construction that extends an existing
reinforced concrete slab-top, box, or arch culvert structure.
Accept abl e nmet hods for constructing the extension include
cast-in-place reinforced concrete or installation of precast
rei nforced concrete box sections.

Slotted Drain Pipe-Slotted drain pipe is used to intercept

sheet flow at pavenent edges. It can also be installed in
concrete gutters in conjunction with curb inlets at sag
| ocati ons.

Slotted Vane Drain Pipe-Slotted vane drain pipe is used to
i ntercept sheet flow in urban driveway areas.

In the case of urban stormdrain design, it is not intended that
exact curb inlet locations be determned at this tinme. The purpose
of the layout is to establish the routing for nmains and to identify
outlet |ocations for each proposed system

DETERMINE INDIVIDUAL STRUCTURE DRAINAGE AREAS

Next, the designer nmust determ ne the area that contributes
runoff to each structure in the drainage system For urban storm
drain systens, it is acceptable to divide the overall system drai nage
area into conveni ent subareas.

The Hydraulics Unit will determ ne structure drai nage areas for
projects designed by INDOT central office personnel.

PERFORM REQUIRED HYDROLOGICAL CALCULATIONS

The next step in the design process is to determ ne the design
stormrequirenents and cal cul ate the associ ated runoff magnitudes for
each structure in the proposed drai nage system The Hydraulics Unit
will performthis task for projects designed by INDOT central office
personnel, but all other designers are responsible for these
cal culations on their projects. The follow ng nethods are acceptable
for determ ning design stormrunoff magnitudes:
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Rural Areas
Rational Method (for areas #30 Hectares).
NRCS (Fornerly SCS) Curve Nunber Method (TR-20).

Coordi nated Di scharges of Selected Streans in |ndiana,
| DNR, 1987.

Urban Areas
Rational Method (for areas #40 Hectares).
NRCS (Fornerly SCS) Curve Nunber Method (TR-20).

Coordi nated Di scharges of Selected Streans in |ndiana,
| DNR, 1987.

If an I DNR Construction in a Floodway Permt is required, the
Letter of Discharge fromIDNR shall be used to docunent the design
storm magni t udes.

If the NRCS (formerly SCS) Curve Nunber Method is used, the Huff
2" quartile distribution as presented in the Purdue University Report
“Statistical Characteristics of Short Time Increnental Rainfall”
(Purdue Report No. CE-EHE-92-09) nmust be used in place of the NRCS
(SCS) Type Il rainfall distribution.

Before the runoff nagnitudes can be cal cul ated in accordance
with one of the approved nethods, the design stormfrequency
requi renments nust be determ ned. These requirenents depend on the
application of the proposed structure and the functi onal
classification of the road over the proposed structure.

The appropriate design stormfrequencies are |isted bel ow

Culverts
DESIGN CRITERIA
FUNCT IONAL ALLOWABLE ROADWAY MAX TMUM
CLASSIFICATION HEADWATER SERVICEABILITY VELOCITY
| NTERSTATE Qoo Quoo Qo
OTHER MULTI - LANE Qoo Qoo Qo
TWO- LANE
ADT$3000 Qroo Quoo Qo
3000>ADT$1000 Quoo Qs Qs
ADT<1000 Qioo Qo Qo
DRI VEVAYS Qoo Qo Qo

More information regarding the definition of each design
criteria will appear in the structure sizing portion of this
techni cal advi sory.
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Storm Drains

Stormdrain hydraulic design requires that the magnitudes of
runoff generated by contributing areas during the Qo and o
storm events be determ ned.

Slotted Drain Pipe/Slotted Vane Drain Pipe

CGenerally, slotted drain pipe and slotted vane drain pipe are
used as conmponents of a stormdrain system |If this is the
case, the structure is to be treated as a stormdrain and the
Qo and Qo storm magni tudes nust be determned. 1In the rare
cases that these structures are used as a culvert that also
intercepts sheet flow, the magnitudes of the design storm
frequencies listed in the culvert table nust be determned in
addition to Qo and Q.

Pipe Extensions
The design stormfrequency requirenents for pipe extension

structures are identical to the requirenents for new
structures of the same application.

Culvert Extensions

The design stormrequirenents for culvert extension structures
are identical to those for new cul verts.

Underdrains & Drain Tile Structures
The design storm concept does not apply to these structures.

| f a designer has any questions regardi ng hydrol ogi cal
cal cul ation requirenents, he nmust contact the Standards Section or
the Hydraulics Unit.

DETERMINE REQUIRED STRUCTURE SIZE & TYPE

Once the required design stormrunoff magnitudes for each
structure have been determ ned, the structure sizing process can
begin. Again, the Hydraulics Unit is responsible for performng this
function for projects designed by INDOT central office personnel.
Designers of all other projects are responsible for structure sizing.

The foll owm ng nmethods are acceptable for performng the
structure sizing process:
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Culverts (New and Extended Structures)
HY- 8 Conput er Software.

FHWA Manual “Hydraulic Design of H ghway Cul verts” (HDS No.
5).

Storm Drains (New and Extended Structures)
HYDRA Modul e of HYDRAI N Sof t war e Package.
Any Conmercially Avail abl e Design Software Capabl e of
Si zing Pi pes Based on Gravity Fl ow and Perform ng Hydraulic
Grade Line Cal cul ations.

Hand Cal cul ations Satisfying Gavity Flow and Hydraulic
Grade Line Requirenents Noted Above.

Slotted Drain Pipe & Slotted Vane Drain Pipe

Manuf acturer’s Publications with Capture Rate Information
for Sag and On-grade Installations.

| f a designer has any doubt whether his intended structure
sizing nethod is acceptable, he nust contact the Hydraulics Unit.

CULVERT STRUCTURE SIZING PROCESS

The hydraulic design criteria for culverts appeared in the table
| ocated in the hydrol ogy section of this nmeno. These criteria are
listed and defined bel ow

Allowable Headwater- For the appropriate design storm
frequency, the headwater elevation for the proposed structure
cannot exceed the existing condition. There may al so be
additional site constraints that restrict the all owable
headwat er el evation to bel ow existing |levels. One such
limtation is that the headwater el evation at a culvert may
not exceed the natural channel flood profile by nore than 0.3
m O her sanple constraints include the follow ng:

Grade of upstream driveways.
Fi ni shed floor elevation of adjacent buildings or other
I nprovenent s.

El evation of existing crop |land or other property.

Roadway Serviceability-For the appropriate design storm

headwat er caused by the proposed pi pe cannot exceed the
fol | ow ng:

| f Qoo is the appropriate design storm the headwater
el evation nust be at |l east 0.6 m bel ow the edge of pavenent
el evati on.
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| f the appropriate design stormfrequency is |ess than Qyo,
t he headwat er el evati on nmust not exceed the edge of
pavenent el evati on.

Maximum Velocity-Al|l culverts require energy dissipators to
prevent erosion. The dissipator design nust be in accordance
with the April 1988 edition of the INDOT “Channel Design”
manual or anot her net hod approved by the Hydraulics Unit. The
riprap used in the dissipators is to be in accordance with the
fol | ow ng:

Revetnment riprap is required at all structures with an
outlet velocity of 2.0 nmis or |ess.

Class 1 riprap is required at all structures with an outl et
velocity between 2.0 mis and 3.0 n's.

Class 2 riprap is required at all structures with an outl et
velocity greater than or equal to 3.0 m's.

| f clear zone or other issues prohibit the use of the required
riprap gradation, the designer nust contact the Hydraulics Unit for
addi tional instructions.

The cul vert sizing process is perfornmed in accordance with a
priority system This systemconsists of six trials where specific
installations are considered prior to evaluating other structure
types. The design priority systemis |listed bel ow

Trial 1-Single Crcular Pipe Installation.

Trial 2-Single Defornmed Pipe Installation.

Trial 3-Single Specialty Structure Installation.
Trial 4-Multiple Crcular Pipe Installation.

Trial 5-Multiple Deformed Pipe Installation.

Trial 6-Multiple Specialty Structure Installation.

The principles of the priority systemare sumarized bel ow

Pi pe structures are preferred to specialty structures (precast
reinforced concrete box sections, precast reinforced concrete
three sided culverts, or structural plate arches).

Circular pipes are preferred to deforned pipes.

Single cell installations are preferred to nultiple cel
install ations.

During the performance of Trials 1, 2, 4, or 5 of the culvert
Si zing process, specific pipe materials are not to be considered.
| nstead, two generic designs are required. One design wll size
pipes wwth snooth interiors and the second will size pipes that have
corrugated interiors. The snmooth interior hydraulic design wll be

8
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based on a Manning’s n value of 0.012 and can use nonographs or
conput er software normally used for sizing reinforced concrete pipe.
The corrugated hydraulic design is based on a Manning’s n val ue of
0.024 and can utilize nonographs or conputer software traditionally
used to size corrugated netal pipe. |If the corrugated pipe design
indicates that structural plate pipe is required, the Manning’ s n
val ue nust be in accordance with accepted engi neering practice.
Nonogr aphs or conputer software used to size structural plate pipe
may be used to determne the required size for these |arger
structures.

The two hydraulic designs for an individual structure wll be
based on identical pipe lengths and invert el evations.

When separate hydraulic designs are perforned for snooth and
corrugated interior pipe, the follow ng scenarios are possi bl e:

Case 1-The required snooth interior and corrugated interior
pi pe sizes are identical. 1In this case, the structure call out
in the plans includes the required pipe size and no reference
to an interior designation is nade.

Case 2-The required snooth interior and corrugated interior

pi pe sizes are different. 1In this case, the structure call out
in the plans indicates the structure requires a snooth pipe of
one size or a corrugated pi pe of another.

Case 3- An acceptabl e pipe size can be determ ned for one
interior designation, but not the other. Wen this situation
occurs, the structure callout wll indicate the required pipe
size and interior designation.

Case 4-No acceptabl e pipe size can be found for either
interior designation. The designer nmust proceed to the next
trial of the culvert sizing process.

If it is determned that a pipe is acceptable for a cul vert
structure, the proposed pipe size nust be greater than or equal to
the m ni num si zes tabul ated bel ow

Structure Minimum Circular Minimum Deformed
Application Paper Size Pipe Size
Driveway Cul vert 375 mm 0.10 nt
Mai nl i ne/ Publ i c 375 mMm 0.10 nf

Road Approach
Cul vert (2 | anes)

Mai nl i ne/ Public 900 nm 0.60 nf

Road Approach
Cul vert (3+ | anes)

In addition to the m nimum pi pe size requirenents |isted above,
cover is another factor that the designer needs to consider during

9
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the structure sizing process. For circular pipe structures, a

m ni mum of 0.30 m of cover (nmeasured fromthe top of the pipe to the
bottom of the asphalt or concrete pavenent) nust be provided. |If the
structure requires a defornmed corrugated interior pipe material, at

| east 0.45 m of cover nust be provided. The cover over a circul ar
pi pe structure should never exceed 30.5 mand the cover for deforned
corrugated interior pipe structures should never exceed 4.0 m |If

t he pavenent grade or structure invert elevations cannot be adjusted
to conformto the cover criteria discussed above, the Standards
Section nust be contacted for additional instructions.

The cul vert sizing process is illustrated by Figures A-1 through
A-6 located in Appendix A of this technical advisory.

STORM DRAIN STRUCTURE SIZING PROCESS

Roadway Type/No. Allowable
OFf Travel Lanes Encroachment Storm Frequency
I nterstate Edge of Travel Lane o
More Than Two Across One Half of a Q
Travel Lanes Travel Lane 0
1.2 monto Travel
Two Travel Lanes Lane Qo
2.4 mof Ranp Must
One Lane Ranps Remai n O ear Qo

The nunber of travel |anes represents the nunber of | anes
designated for through traffic.

Medi an inlet spacing for interstate and other divided hi ghways
is al so based on an all owabl e encroachnent wi dth. Runoff collected
by inlets in grass or paved nedi an areas nust not encroach beyond the
i nsi de pavenent edge for the stormfrequency |listed above.

Curb inlet spacing calculations nmust be in accordance with
accepted engi neering practice. The designer nust contact the
Hydraulics Unit if there is any question whether the intended
calculation nethod is acceptable. Gutter flow that bypasses curb
inlets installed on grade nust be accounted for at downstream
structures. In addition, flanking inlet(s) should be provided at sag
| ocations to mtigate ponding problens resulting fromgrate cl ogging.

After calculating the required curb inlet spacing, actual inlet
| ocations nmust be determned. Al curb inlets and associ ated
| aterals nust be included in all systemnodeling required for the
desi gn and check storm eval uati on di scussed bel ow

Design Storm-All stormdrain structures are to be designed so
that Qo passes through each structure via gravity.

10
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Check Storm-The stormdrain network nust accommobdate the Qo
stormevent. The system nay operate under pressure, but the
Hydraulic G ade Line (HG) nust remain below the rimelevation
at all system manhol es, inlets, catch basins, and other
simlar structures.

The design process for stormdrain structures does not require
two sets of hydraulic calcul ations, because all pipe nmaterials
acceptable for use as stormdrains have a snooth interior
designation. Therefore, conputer nodeling or hand cal cul ati ons for
stormdrain pipe sizing can be based on a Manning’s n value of 0.012.

The m ni num pi pe size utilized for stormdrain structures is 300
mmor 0.10 nf. The cover provided over a stormdrain structure mnust
be at least 0.30 mand no greater than 30.5 m The mninmumfull flow
velocity for stormdrain structures is 0.8 mis and the reconmmended
maxi mum velocity is 2.0 mfs. Stormdrain outlet structures al so
require energy dissipators to mtigate potential erosion. The
di ssipator riprap gradation requirenents are identical to those
outlined for culvert structures. The Hydraulics Unit nust be
contacted for additional instructions if the required riprap
gradation is prohibited due to clear zone or other issues.

If a satisfactory pipe cannot be found for a stormdrain
structure, the only acceptable specialty structure type is the
precast reinforced concrete box section. |If a suitable precast
rei nforced concrete box section size cannot be determ ned, the
Hydraulics Unit nust be contacted for additional instructions.

SLOTTED DRAIN/SLOTTED VANE DRAIN PIPE STRUCTURE SIZING PROCESS

The design requirenments for these structure types depend on the
application for the structure. Commonly used applications and the
associ ated design requirenents are |isted bel ow

Superelevated Pavement Edge Installations (Slotted Drain
Pipe)- Wien install ed adjacent to the edge of superel evated
pavenent sections, the slotted drain sizing is to be based on
a 50 year stormfrequency for interstate facilities and a 10
year stormfrequency for all other roadways. The pipe sizing
must be in accordance with accepted practices contained in
recogni zed engi neering publications.

Gutter Installations at Sag Curb Inlets (Slotted Drain Pipe)-
The design stormrequirenments for these installations are
identical to those for stormdrains. The length and size of
pi pe required nust be determ ned in accordance with accepted
practices contained in recogni zed engi neering publications.
Storm Drain Structure-Slotted drain pipe or slotted vane drain
pi pe installed as a conponent of a stormdrain system nust

11
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adequately intercept sheet flow and al so accommbdat e al
upstream runoff collected by the stormdrain system

Therefore, the sizing process involves two steps for these
structures. The structure is first sized in accordance with
the stormdrain sizing procedure outlined previously in this
meno (one exception is that Manning s n=0.024 for slotted
drain pipe). The pipe size obtained fromthe above process
must be checked for adequacy for interception of sheet flow
The sheet flow interception design stormfrequency is to be Qo
for interstate facilities and Qo for all other roadways.

Culvert Structure-The sizing of a slotted drain pipe
(corrugated interior designation) or a slotted vane drain pipe
(smooth interior designation) for a culvert application is
also a two step process. The structure is first sized as a
culvert in accordance with all requirenents for culvert sizing
outlined previously. After the appropriate culvert size is
determned, it is necessary to verify whether the structure is
adequate for intercepting sheet flow at the site.

If the required slotted drain pipe or slotted vane drain pipe
Si ze exceeds the maxi num size listed on the appropriate standard
drawi ng, the Hydraulics Unit nust be contacted for additional
i nstructions.

PIPE EXTENSION STRUCTURE SIZING PROCESS

The sizing of pipe extension structures is to be in accordance
with the foll ow ng:

Match Existing Pipe Size and Interior Designation-1f possibl e,
t he pi pe extension should be the sanme size and material as the
exi sting pipe. However, at this stage, it is only necessary
to identify the required interior designation for the

ext ensi on.

Perform Appropriate Hydraulic Analysis-If the extended
structure is a culvert, the appropriate hydraulic cal cul ati ons
must be performed to verify whether the extended structure
nmeets all design criteria. Because the structure interior
designation is known, it is only necessary to perform
hydraul i c cal cul ati ons appropriate for that interior
designation. |If the structure is a stormdrain, the hydraulic
anal ysis nust verify that all stormdrain design criteria
outlined previously are net.

| f the extended structure neets all required design criteria,
then the structure sizing process is conplete. |If the extended
structure does not neet the required design criteria, the designer
must reeval uate whether the existing structure can be replaced with a
new structure. If it is not possible to replace the existing pipe

12
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because of construction nethod, traffic mai ntenance, or other
concerns, the Hydraulics Unit nust be contacted for further
i nstructi ons.

CONCRETE CULVERT EXTENSION SIZING PROCESS

| f an existing cast-in-place reinforced concrete slab-top
cul vert, box culvert, or arch culvert requires extending, the
desi gner must deci de whether the extension will be constructed using
cast-in-place reinforced concrete or precast reinforced concrete box
sections. Once the extension nethod has been determ ned, the
appropriate culvert design criteria nust be checked to verify that
t he extended structure neets all hydraulic requirenents. |If the
anal ysis indicates that the extended structure does not neet the
hydraulic requirenments, the designer nust reeval uate whether the
exi sting structure can be renoved and replaced with a new structure.
If it is not possible to replace the existing culvert because of
construction nmethod, traffic maintenance, or other concerns, the
Hydraulics Unit nust be contacted for further instructions.

DRAIN TILE STRUCTURE SIZING PROCESS

There is no formal structure sizing process for structures
required to perpetuate existing drain tile. These structures are to
mat ch the size of the existing tile, if possible. If it is not
possible to match the existing tile size, the Hydraulics Unit nust be
contacted for additional instructions.

PERFORM SANITARY SEWER & WATER UTILITY COORDINATION

Coordination with utilities should begin as soon as possible
once it is determ ned that the proposed construction wll inpact
existing utility facilities. On INDOT projects, the coordination
wi Il be handl ed through the Utilities Unit. For projects not on
| NDOT routes, the designer should contact all affected utilities as
soon as possi bl e.

If it is determned that utility relocation elenents are going
to be included in the contract, the designer nust verify that al
el ements of the utility construction are included in the contract
docunents. For exanple, the Standard Specifications contain no
material or testing requirenents for sanitary sewer or water nmain
pi pe. Therefore, if construction of these facilities is required,
the designer is responsible for including all applicable requirenents
in the contract via special provision(s). |If the utility has
specific casting, manhole, or other facility requirenents that differ
fromthose contained in the Standard Specifications or standard
drawi ngs, these requirenents nust be included in the contract via
pl an details or special provisions.

13
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PRELIMINARY FIELD CHECK PLAN PREPARATION REQUIREMENTS

There are two plan submttals during the design process that are
inmportant with respect to hydraulic design. The |andmark submttals
in the plan devel opnment schedules normally foll owed by road and
bri dge repl acenent projects are the Prelimnary Field Check Plans and
Final Check Prints. For traffic projects, bridge rehabilitation
projects, or other projects that do not follow the typical road or
bridge replacenent submttal schedule, the incorporation of pipe-
related elenents into plan submttals is to be determ ned on a
proj ect-by-project basis. Consultant designers are responsible for
coordinating wwth the I NDOT reviewer to determ ne when the pipe
related elements are to be incorporated into plan submttals for
t hese projects.

As a mnimum the Prelimnary Field Check Plans nust include
hydraulic related informati on on the follow ng sheets:

Plan & Profile Sheet(s).
Construction Detail Sheet(s) (if included in plans).
Structure Data Sheet(s).

Structure related information to be included on the Plan &
Profile Sheet includes the follow ng:

Pl an Portion of Sheet.
Structure Callout.
Structure Nunber & Location.
Type of Manhole, Inlet, or Catch Basin, if required.
Structure Length.
Structure Size & Type.
- Pi pe.
Snoot h Pi pe.
Corrugated Pi pe
Snoot h Pi pe or Corrugated Pipe.

Precast Reinforced Concrete Box Section (Include
Structure Skew).

Precast Rei nforced Concrete Three Sided Cul vert
(I'nclude Structure Skew).

Structural Plate Arch (Include Structure Skew).
Pi pe Extensi on.

Cul vert Extension.

Slotted Drain Pipe.

Sl otted Vane Drain Pipe.

14
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Pi pe End Treatnents, if Required.
Pi pe End Secti on.
Concrete Anchor.
Safety Metal End Secti on.
G ated Box End Secti on.
Profile Portion of Sheet.
Structure Nunber.
Structure Invert Elevation |Information.
Length, Size, & Slope of StormDrain Main Structures.

Sanple Plan & Profile Sheet structure callouts are |listed bel ow

Structure No. 11 @ +123.2-Manhole Type G4, 84.1 m 450 mm
Pipe, & 1 Pipe End Section Required.

Structure No. 12 @+123.2-15.5 m 375 mm Pi pe and 2 Pi pe End
Sections Requir ed.

Structure No. 13 @+123.2-24.0 m 900 nm Snooth Pi pe and 2 Pipe
End Sections or 1050 nm Corrugated Pi pe and 2 Concrete Anchors
Requi r ed.

Structure No. 14 @+123.2-19.5 mMn. Area 0.10 nf Corrugated
Pi pe and 2 Grated Box End Sections Required.

Structure No. 15 @+123.3-28.0 mMn. Area 0.17 nf Snooth Pipe
and 2 Safety Metal End Sections Required.

Structure No. 16 @+123.2-24.5 m 1800 nm x 1200 nmm Pr ecast

Rei nforced Concrete Box Sections Required, Skew 30E Ri ght.

Structure sizes in plan callouts are to be in accordance with
tables included in Appendix B of this meno. 1In general, structure
sizes are expressed as foll ows:

Circul ar pipe sizes are expressed by the dianmeter in mm
Def ormed pipe sizes are expressed in ternms of mnimumarea in

nt.

Precast reinforced and cast-in-place concrete structure sizes
and structural plate arch structure sizes are expressed by the
span and rise in mnm

Structure lengths are to be determned in the foll ow ng manner:

Culvert Structures (Including Pipe & Culvert Extensions)- The
structure length is to be rounded up to the next 0.5 m

Storm Drain Structures (Including Pipe Extensions)- The
structure length is to be rounded up to the next 0.1 m The
measurenent is to be made al ong the pipe centerline fromthe
out si de edge of the wall of the manhole, inlet, or catch basin
structure.
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If a culvert structure requires different snmooth interior and
corrugated interior pipe sizes, the required pipe length and invert
el evations are identical for the two structure alternates.

When it is known that existing drain tile will be inpacted by
t he proposed construction, the plans nust illustrate howthe tile is
to be perpetuated. Perpetuation of field tile will be in accordance
with the foll ow ng:

Tile Outlets at Ditch Prior to Crossing Mainline Pavement- The
existing tile is to be renoved within the right-of-way and
replaced with Type 4 Pipe (an explanation of pipe types occurs
later in this neno). A 3.0 mlong section of drain tile

term nal section equipped with a rodent screen is required to
be placed on the outlet end of the Type 4 Pi pe.

Tile Will Outlet in Storm Drain System-If the tile is to be
perpetuated by tying into a stormdrain, the existing tile
must be renmoved within the right-of-way. The tile will be
replaced with Type 2 pipe and will connect to the stormdrain
system at a manhole, inlet, catch basin, or simlar structure.
Tile 1s Intercepted by Side Ditch After Crossing Mainline
Pavement- The existing tile will require renoval within the
existing right-of-way. New Type 1 pipe will be installed
between the right-of-way |ine and the proposed outl et

| ocation. A rodent screen is required at the pipe outlet.
Tile is to be Perpetuated Across the Right-of-Way- Al |l existing
tile within the right-of-way is to be renoved. Type 1 pipe
will be required fromright-of-way line to right-of-way |ine
to replace the existing tile.

Concrete collars are required to connect existing tile to Type
1, 2, or 4 pipe. The plans nust contain a detail that illustrates
t he di nensional requirenments of all collars.

At | ocations where a reconstructed drain tile outlets into a
side ditch, riprap is required between the pipe outlet and the ditch
flowline to prevent erosion. Revetnent riprap is to be used unless
cl ear zone or other considerations require that a different gradation
be utilized.

The structure related information to be included on detai
sheets depends on the project and the type of details provided in the
plans. |If construction details are included, structure callouts nust
be included for identification purposes, but the callouts may refer
to the appropriate Plan & Profil e Sheet.

The Structure Data Sheet requires the follow ng structure
related i nformation:
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Structure Nunber & Locati on.

Structure Size.

Pi pe Type, if Applicable.

Structure Description, as Appropriate.
Requi red Manhol e, Catch Basin, or Inlet.
Pi pe.
Snoot h Pi pe.
Corrugat ed Pi pe.
Precast Reinforced Concrete Box Section.
Precast Reinforced Concrete Three Sided Cul vert.
Structural Plate Arch.
Pi pe Extension.
Cul vert Extension.
Slotted Drain Pipe.
Sl otted Vane Drain Pipe.

Structure Length.

Structure Skew (Precast Reinforced Concrete & Structural Plate
Structures Only).

Cover (Not Required for Precast Reinforced Concrete Three
Si ded Cul verts).

| nvert El evations.
Service Life Criteria (Type 1, 2, 3, &5 Pipe, Specific Pipe
Material, and Pipe Extension Structures Only).
Required Service Life Duration
Structure Site Designation (Abrasive or Non-abrasive).
Structure pH
B Borrow for Structure Backfill.
Revet nent R prap.
Pi pe End Treat nents.
Concrete Anchor.
Pi pe End Secti on.
Grated Box End Secti on.
Safety Metal End Section.

For new structures that require pipe (excluding slotted drain
pi pe or slotted vane drain pipe), it is generally intended that the
contractor be allowed to select a pipe material froma list of
materials that are acceptable for installation at the structure site.
At this time, it is not necessary to determ ne the acceptable
materials for individual structures, but the designer does need to
determ ne the appropriate pipe type fromthe classification system
i ncluded in the Suppl enental Specifications. The appropriate pipe
type for various structure applications is to be selected fromthe
l'ist bel ow
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Type 1 Pipe-Minline and Public Road Approach Cul verts.
Type 2 Pipe-Storm Drain Structures.

Type 3 Pipe-Driveway Cul verts.

Type 4 Pipe-Longitudi nal Underdrains and Drain Tile.

Type 5 Pipe-Broken-back and O her Structures that Require
Coupl ed Pi pe.

Pi pe type structures requiring different snooth interior and
corrugated interior pipe sizes require two conplete sets of entries
on the Structure Data Sheet. The top rowreflects the data for the
snooth interior structure alternate and the second row contains the
data related to the installation of the corrugated interior pipe
al ternate.

If there is sufficient justification, it is permssible to
require a specific pipe material for a structure instead of
designating a pipe type. The justification nust be docunented in the
design calculations. Structure Data Sheet entries for these
structures are not to include a pipe type designation, as the word
“Pipe” is to be the structure description.

Pipe service life criteria nust be determned for all structures
requiring Type 1, 2, 3, and 5 Pipe, as well as specific pipe
material, and pipe extension structures. These criteria are
determned in the foll ow ng manner.

Required Service Life Duration-The required service life
depends on the functional classification for the contract’s

mai nline roadway. |If the mainline has an interstate or
arterial functional classification, the required service life
duration for all structures in the contract is 75 years. |If

the mainline functional classification is collector or |ocal,
the required service life duration for all structures on the
project is 50 years.

Structure Site Designation-Structure sites are defined as
being either “abrasive” or “non-abrasive”. Al minline

cul vert sites nust be given an abrasive designation. In a
simlar vein, driveway and public road approach cul verts
installed in natural channels also have sites classified as
abrasive. Driveway and public road approach cul verts
installed on constructed ditch |[ines and stormdrain
structures are generally given non-abrasive site designations.
However, if the designer determnes that runoff at an

i ndi vidual structure site is |likely to contain materials that
coul d damage the pipe interior, the designer is permtted to
assign an abrasive site designation to the structure. A non-
abrasive site designation is to be given for Type 1 pipe or
Type 2 pipe used for perpetuating drain tile.
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Structure pH-Each culvert and stormdrain structure that

requi res pipe (except slotted drain pipe and slotted vane
drain pipe) nust be assigned a structure pH value. During the
desi gn process, tw to three pH values are obtained for each
structure. The lowest (nobst acidic) value is the pH assigned
to the structure

Prior to the Prelimnary Field Check plan submttal, a
prelimnary structure pH val ue nust be determ ned and recorded
on the Structure Data Sheet. The prelimnary pH value is
obt ai ned fromone of the foll ow ng sources:

Scope Report- Sone scope reports will include pH data for
exi sting structure locations. This pH data can be used to
establish prelimnary structure pH val ues for proposed
structures as described bel ow

Existing Mainline Culvert Structures- The scope report pH
val ue at an existing culvert site is considered to be the
prelimnary pH for the correspondi ng proposed
structure(s).

Existing Storm Drain Structures- The scope report pH val ue
for an existing stormdrain structure is considered to be
the prelimnary pH value for all structures in the
correspondi ng proposed stormdrain system |f the scope
report contains pH values for nore than one structure in
an existing stormdrain system the |owest value wll be
considered the prelimnary pH for all proposed structures
in the corresponding stormdrain system

Existing Side Ditch Cullverts- The scope report pH val ue
for an existing side ditch culvert is considered to be
the prelimnary pH value for all proposed structures on
t he correspondi ng segnent of side ditch. |f the scope
report contains pH data for nore than one culvert on the
sane ditch line segnent, the |owest value wll be
considered the prelimnary pH for all culverts on the
equi val ent proposed ditch |ine segnent.

Testing- Proposed structures that have not been assigned a
prelimnary pH value after review of the scope report may
require testing of runoff sanples to obtain the val ue.
Consul tant designers need to refer to the project Design
Agreenent to verify whether provisions for pH testing are
included. If no such provisions are included in the Design
Agreenent, pHtesting will not be perforned. |If the Design
Agreenent includes pH testing provisions, such testing wll
be utilized to determne the prelimnary pH value for al
remai ni ng pi pe structures. The scope of the testing
required will be in accordance with Appendix C of this
meno. | NDOT designers will begin performing pHtesting in
accordance with Appendix C requirenents in January 1999.
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When a sanple is required for an existing stormdrain
system the sanple is to be taken at the systemoutlet. It
IS not necessary to renpve structure castings to obtain
sanpl es.

If pHtesting is warranted for the project, but no water is
avai l able for sanpling at a required structure, the
follow ng rules apply:

Mainline Culverts- If a sanple can be taken at an

adj acent mainline culvert, the pH of that sanmple wll
al so be assigned to both correspondi ng proposed
structures. |If no sanple can be taken at an adj acent
structure, the prelimnary pH value required for the
proposed structure wll not be determ ned by testing.

Storm Drain Structure-If a sanple is available at the
outl et of an adjacent existing stormdrain system the
sanple pHw Il apply for all structures in both
correspondi ng systens. |f sanples are not avail abl e at
outlets of adjacent systens, the prelimnary pH for the
structures in the stormdrain system under consideration
will not be determ ned by testing.
Side Ditch Culverts-If a sanple is available at any
exi sting pipe in the sane segnent of side ditch, the pH
of that sanple will apply to all correspondi ng proposed
culverts in the ditch line segnent. |f sanples are not
avail abl e at any existing culvert in the ditch line
segnent, the prelimnary pH value for all correspondi ng
proposed structures will not be determ ned by testing.
Map-1f proposed pipe structures have not been assigned
prelimnary pH val ues based on scoping report data or from
field testing, the pH map contained in Appendix C of this
meno can be used to determine the required values. The map
illustrates the pH value that is to be assigned to al
structures within each county.

Structure pH values are not to be greater than 7.0 and are
expressed to the nearest 0.5. If pHtesting is perfornmed and
t he equi pnment provides nore precise readings, the pHvalue is
to be rounded down to the next (nore acidic) O0.5.

The structure pH for Type 1 Pipe used for perpetuation of
existing drain tile will be equal to the pH map value for the
project location. The structure pH value for Type 2 Pipe used
for existing drain tile perpetuation will be equal to the
structure pH for the stormdrain systemthat serves as the
tile outlet.
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| f a designer has any questions regardi ng the procedures
related to the determ nation of the structure pH value for the
Prelimnary Field Check Plans, please contact the Standards
Secti on.

The Prelimnary Field Check version of the Structure Data Sheet
does not require that individual structure quantities be recorded for
backfill or riprap itenms. It is satisfactory to place an “X’ in
those colums of the table to indicate that these itens are required
for individual structures.

Beginning wwth the Septenber 1998 letting, concrete anchors wl|
be nmeasured and paid for by the unit. Therefore, if a designer has
downl oaded the original version of the revised Structure Data Sheet,
it will be necessary to revise the “Concrete, A Structures” and “nm
colum headers to “Concrete Anchor” and “EA’ respectively.

For plan submttals after the Prelimnary Field Check Pl ans and
before the Final Check Prints, the designer is sinply required to
mai ntain the sanme requirenents for structure design and pl an
preparation that have been described for the Prelimnary Field Check
Plan subm ttal

FINAL CHECK PRINTS SUBMITTAL REQUIREMENTS

The Final Check Prints Submttal requires the foll ow ng
addi tional plan preparation el enents:

Incorporate Comments from Previous Submittal.
Finalize Structure Data Sheet.

Prepare Pipe Material Sheet.

Prepare Underdrain Table.

In order to performthe above tasks, it is necessary to conplete
the foll ow ng work el enents:

Finalize Structure pH Values-The Prelimnary Field Check Plans
Structure Data Sheet contains a prelimnary pH value for al
proposed culvert and stormdrain structures that require pipe.
It is necessary to obtain additional data prior to determ ning
a final pH value for these structures. This data may be
obtai ned fromthe foll ow ng source:
Geotechnical Report-If a geotechnical report is avail able
for the project, it nmay contain pH data for existing
structures. This data can be used to assign a second pH
val ue to correspondi ng proposed structures in accordance
Wi th procedures stated earlier in this meno for converting
existing structure pH data contained in scoping reports.
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Testing-If a proposed structure second pH value is not
avai l able froma geotechnical report, it may be obtained
via pH testing. Testing by consultant designers wll be
required if provisions for testing are included in the
Design Agreenent for the project. |NDOT designers are
required to performtesting after January 1, 1999. The
testing will be perfornmed in accordance with the procedures
shown in Appendi x C and discussed in the Prelimnary Field
Check Pl ans portion of this neno.

Map-1f a geotechnical report or pH testing does not provide
the second pH value for a pipe structure, the pH map in
Appendi x C can be used to determ ne the required val ue.

Again, pH values are to be recorded to the next 0.5 and the
maxi mum structure pHis 7.0.

After the second pH val ue has been obtained for each
structure, it is to be conpared to the structure’s prelimnary
pH If the two values are within 0.5 of each other, the final
structure pHis the |lower value. If the two values vary by
nmore than 0.5, a third structure pHis required. The third
value is obtained by testing, if the conditions for pH testing
di scussed previously in this nenpo are net. |If testing is not
appropriate, the third pH value is obtained by referring to
the Appendix C pH map. The three structure pH values are then
conpared and the | owest value is considered the final
structure pH The final structure pHis then recorded on the
Structure Data Sheet.

Perform Pipe Material Selection Process-After structure pH
values are finalized, it is the appropriate tine to determ ne
the acceptable materials for all structures that require pipe
(except slotted drain pipe and slotted vane drain pipe).

There are two fornmal nethods for determ ning the acceptable
materials for Type 1, 2, 3, and 5 pipe structures. The first
met hod requires a review of the 715-PIPE, 715-PSLC, AND 717-
PHCL standard drawi ngs to determ ne which naterials are
appropriate for the proposed cover depth and service life
criteria at the site. The alternative to perform ng a nanual
review of the standard drawings is to allow the Pipe Materi al
Sel ection Software to performan el ectroni c one.

When perform ng the pipe nmaterial selection process, each
corrugated netal pipe protective coating or invert treatnent
is considered to be a distinct material. For exanple, the
followng list includes three materi al s:
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Zinc Coated Corrugated Steel Pipe.

Zinc Coated Corrugated Steel Pipe with Bitum nous Paved
| nvert.

Pol ymer Precoated Gal vani zed Corrugated Steel Pipe.

Al t hough all three are varieties of corrugated steel pipe,
they are considered unique in terns of this design procedure.

If the pipe material selection process is perforned and the
result is that no materials are found to be acceptable, the
desi gner nust contact the Standards Section for additional

i nstructions.

If it is determned that only one pipe material is acceptable
for a structure, no pipe type is designated for the structure.
A pipe type designation for a structure indicates that there
are at least two materials acceptable for installation. The
Fi nal Check Print version of the Structure Data Sheet has a
dash (--) entered in the “Pipe Type” colum and the word
“Pipe” is entered in the colum to the right. The Pipe
Material Sheet is used to identify the required material for
the structure.

When two or nore materials are found to be acceptable for a
structure, the required pipe type designation remains in
effect. The required Structure Data Sheet entries include the
required pipe type in the appropriate colum and the word
“Pipe” in the colum to the right. |If the structure is a
culvert and all of the acceptable nmaterials have the sane
interior designation, the “Pipe” entry is nodified to include
the appropriate interior designation. All acceptable
materials are listed on the Pipe Material Sheet.

The pipe material selection process does not apply to Type 4
Pi pe structures. |In addition, Type 4 pipe structures do not
appear on the Pipe Material Sheet. The materials listed in

715.02(d) of the Standard Specifications are appropriate for
all such structures.

The material selection process for pipe extension structures
differs sonmewhat fromthe process for structures utilizing new
pipe. The rules for material selection for pipe extension
structures are as foll ows:

A Specific Material i1s Required- A specific material nust be
determ ned for each pipe extension structure. No pipe type
is to be assigned to a pipe extension structure.
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Match Existing Pipe Material-\Wenever possible, the
extension material is to match the existing pipe. |If the
existing pipe is corrugated netal, but it is not known
whether it is steel or alum numalloy, the extension should
be a corrugated steel pipe material.

Material Must Meet Cover and Service Life Criteria-The

t hi ckness of corrugated netal pipe extensions or Dy 3 rating
for reinforced concrete pipe extensions nust neet all cover
and service life requirenents that apply to new pipe
structures.

Match Existing Corrugated Metal Pipe Coating-If the
existing pipe is corrugated netal, the extension coating
should match that of the existing pipe, if possible. |If
the existing pipe is fully bitum nous coated, the extension
shoul d be fiber bonded bitum nous coated. If it is

i npossible to match the existing pipe coating or the

exi sting pipe coating is unknown, any coating/thickness
conbi nation that satisfies cover and service life

requi renents may be used.

The material selection process for extensions of existing
reinforced concrete slab-top, box, or arch culverts consists
of determ ning whether the extension will be constructed of
cast-in-place reinforced concrete or precast reinforced
concrete box sections. A dash (--) is to be entered in the
“Pi pe Type” columm and the words “Cast-in-Place Cul vert

Ext ensi on” or “Precast Concrete Box Section Cul vert Extension”
are entered in the colum to the right. |In addition, al
cast-in-place extensions nust be detailed in the plans. The
details can be prepared in the same manner as those typically
required for w dening of an existing bridge structure. Plan
details may be required for precast reinforced concrete box
section extensions. It is up to the designer to reviewthe
avai |l abl e standard draw ngs and determne if additional plan
details are required. No entries for concrete cul vert
extension structures are required on the Pipe Material Sheet.

There is no material selection process performed for the
foll ow ng new structures as they are either specifically
desi gned or they have a specific application:

Precast Reinforced Concrete Box Sections.
Precast Reinforced Concrete Three Sided Cul vert.
Structural Plate Arch.

End Bent Drain Pipe.

Slotted Drain Pipe.

Sl otted Vane Drain Pipe.
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Structure Data Sheet entries for these structures include a
dash (--) in the “Pipe Type” colum and the specific structure
name is listed in the colum to the right. No Pipe Mterial
Sheet entries are required for these structures.

Determine Underdrain Layout-The following rules apply to the
desi gn of underdrain systens:

Underdrain System Warrant- Underdrains are warranted if the
pavenent design indicates that they are required. |If no
pavenent design is perforned for a project, underdrains are
only used if approval is obtained fromthe Materials

Engi neering Section. |If underdrains are warranted,
installation requirenments nust be shown on the Typical
Cross Section Sheet.

Geotextiles for Underdrain Warrant- Ceotextiles for
underdrains are warranted only if required by the

CGeot echnical Report. |If no CGeotechnical Report is
avai |l abl e, geotextiles for underdrains are only used when
approved by the Geotechnical Section.

Underdrain Outlet Pipe-PVC pipe is used for underdrain
outlets. The pay itemfor this pipe is “Pipe, Underdrain
Qutlet”.

Connection of Longitudinal Underdrain to Outlet Pipe- El bows
used to connect |ongitudinal underdrains to outlet pipe at
on-grade outlets are included in the Type 4 Pipe quantity.
Wes used to connect |ongitudinal underdrains to outlet
pi pe at a sag location are included in the quantity for the
underdrain outlet pipe. Allowances for el bows and wyes are
0.6 mand 1.5 m respectively.

Transverse Pipes- Transverse pi pes connecting | ongitudi nal
underdrains are not to be used. If the only avail able
outlet for a longitudinal underdrain is |ocated on the
opposite side of the installation, an outlet pipe nust be
install ed across the pavenent and under the opposing

| ongi tudi nal underdrain. |If no suitable outlet is
avai l abl e on either side of the pavenent, the designer nust
contact the Materials Engineering Section for further

i nstructions.

Maximum Outlet Spacing- The maxi num outl et spaci ng for

| ongi tudi nal underdrains should be limted to 100 m where
practical .

Minimum Underdrain Grade- The m ni mum underdrain grade is
0.20% At locations where the profile grade is flatter
than 0.20% (including within vertical curve limts),
speci al underdrain grades nust be determ ned and shown on
the plans. The nethod of illustrating the special grades
is up to the designer. However, the special grade |limts
and required depths nust be clearly defined.

25



6- 15-98

Underdrain Backfill-Longi tudi nal underdrains are backfilled
w th aggregate for underdrains. This aggregate is neasured
and paid for by the cubic nmeter. The backfill used for
underdrain outlet pipe to 0.3 moutside the shoulder is B
borrow for structure backfill. Suitable excavated materi al
is utilized as backfill for the renmainder of the outlet
pi pe. Qutlet pipe backfill is not nmeasured for paynent as
its cost is included in the cost of the pipe.
Outlet Protectors-Qutl et protectors are required at the end
of underdrain outlet pipes. Type A protectors are required
at outlets located on the outside of interstate and ot her
divided highway facilities. Type B outlet protectors are
required at all other |ocations. Sod and delineator posts
used in conjunction with outlet protectors are not neasured
for paynent as the costs associated with these itens are
included in the cost of the outlet protector.

Perform Quantity Calculations-The first step in the quantity

cal culation process is identification of the appropriate pay

items. The followng rules apply to pipe related pay itens:
All drainage structures, except slotted drain pipe and
slotted vane drain pipe, that require nethod 1 or nethod 2

backfill as shown on the 715-BKFL series of standard
drawings will have their backfill quantities cal cul ated
assum ng B borrow for structure backfill will be utilized.

Pi pe type pay itenms never include information related to
specific materials, such as thickness, strength
classification, Dy3 rating, etc.

The followng rules apply to including interior
designations in pipe type pay itens:
Type 2 Pipe pay itens never include an interior
desi gnation

If all of the acceptable materials for a culvert
structure have the sanme interior designation, the pipe
type pay itemmust include a reference to the required
interior designation (i.e. Pipe, Type 3, Grcular, 375 nmm
Corrugat ed) .

If a culvert structure pipe type pay itemincludes an
interior designation, the designation does not appear in
pay itens for related work. For exanple, if the pay item
for a structure is Pipe, Type 1, G rcular, 900 nm Snoot h,
the pay itemfor pipe end sections placed on the pipe
ends is “Pipe End Section, 900 mmi.

If a culvert structure requires different snooth interior
and corrugated interior pipe sizes, the pay itemfor the
required structure end treatnents reflects both required
sizes. For exanple, if a mainline culvert structure
requires 900 mm snooth pipe with two pi pe end sections or
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1050 mm corrugated pipe with two concrete anchors, the
pay itens for the structure are as bel ow
Pi pe, Type 1, G rcular, 900 mm Snooth or 1050 mm
Cor r ugat ed.
Pi pe End Section 900 nm or Concrete Anchor, 1050 nm
If a driveway culvert requires 375 nmm snooth pipe or
450 mm corrugat ed pi pe and two pi pe end sections, the
pay itens related to the structure are as bel ow
- Pipe, Type 3, Grcular, 375 nm Snmooth or 450 nmm
Cor r ugat ed.
Pi pe End Section, 375 nmor 450 mm
For structures requiring different snooth interior
and corrugated interior pipe sizes, it is necessary
to cal cul ate separate backfill quantities for each
structure alternate. However, the backfill quantity
for the snmooth interior alternate is used to
calculate the total contract quantity that appears
on the Schedul e of Pay Itens.
Pay itenms for specific pipe material structures and pipe
extension structures require the follow ng information:
Rei nforced Concrete Pipe-Strength O assification and Dy 3
rating.
Corrugated Steel Pipe-Required Protective Coating, |nvert
Treatnent, and Material Thickness.
Specialty structure pay itens include the specific required
structure type. Sanple specialty structures are |listed
bel ow
Precast Reinforced Concrete Box Sections.
Precast Reinforced Concrete Three Sided Cul vert.
Structural Plate Arch.
Slotted Drain Pipe.
Sl otted Vane Drain Pipe.
Underdrain Qutlet Pipe.
End Bent Drain Pipe.

| f a designer has any questions regarding pay itemformat

requi renents, he nust contact the Standards Section. |If there
are questions regarding the rel ationship between pay itens and
the Hi ghEst estimating software, he nust contact the Contracts
Secti on.

Standard Drawing Selection-The following rules apply to the
sel ection of pipe related standard draw ngs:

715-BKFL Series-These drawi ngs pertain to pipe structures
only. If there are specialty structures (i.e. precast
reinforced concrete box sections) required for the project,
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pl an details nust be prepared to illustrate trench and
backfill requirenents for these structures. The designer
nmust eval uate the backfill requirenments (nmethod 1 vs.

met hod 2 backfill, trench vs. enbanknent installations,
medi an installations, etc.) for structures on the project
and sel ect the appropriate drawi ngs. The flowable nortar
version of the required draw ngs nust al so be sel ected,
because the contractor always has the option to substitute
fl owabl e nortar backfill for the B borrow for structure
backfill included in the contract. Also, if any sheet from
the series is required for the contract, sheet 715-BKFL-09
is also required because the general notes for the series
are on this sheet.

715-PIPE Series-If the contract includes pipe type pay
itenms, standard drawi ng 715-PI PE-01 nust al so be incl uded.

715-PHCL Series-The hei ght of cover tables associated with
the materials shown on the Pipe Material Sheet to be
acceptabl e for various structures on the project nust be
included in the contract.

715-PSLC Series-All three sheets in the series nust be
included in all contracts that contain pipe type pay itens.

All Other 715 Standard Drawing Series- | ndivi dual standard
drawi ngs are required if details or other information
contai ned on the sheet apply to the contract. The designer
must nmake sure that every series of standard draw ngs
included in the contract has its general note sheet
included as well, if such a sheet exists.

Special Provision Preparation-The follow ng rules apply to

speci al provision preparation:

- Sanitary Sewer/Water Utility Special Provision-Recurring
special provision 107-R- 169 is still required for al
contracts that have utility facilities within the project
area right-of-way. |If sanitary sewer or potable water
facility construction is included in the contract, another
special provision is also required. This uni que speci al
provi sion nmust include material requirenments for al
sanitary sewer and water main pipe. The special provision
nmust also include all testing requirements of the utility.
If the utility desires to utilize a casting, manhol e, or
other facility that differs fromrequirenments contained in
the Standard Specifications or shown on the standard
drawi ngs, the utility requirenents nust also be included in
t he speci al provision.

Pipe Material Abbreviation Recurring Special Provision 715-
R-361- A recurring special provision containing comonly
used pipe rel ated abbrevi ati ons has been devel oped. This
recurring special provision allows the designer to utilize
t he abbreviations on plan sheets, in pay itens for
structures requiring specific materials, and ot her contract
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docunents. This recurring special provision is included in
Appendi x D of this meno and will be included in the
Recurring Special Provisions with the January 1, 1999
edition.

TRACING SUBMITTAL REQUIREMENTS

There are no additional pipe related requirenents associ ated
with the Tracings submttal. Any errors contained in the Final Check
Print submttal or changes required due to changing conditions at the
project site can be corrected prior to the Tracings submttal.

REQUIREMENTS FOR CONTRACT DOCUMENTS REFERRING TO PIPE GROUPS

Proj ects that have a design notice-to-proceed or begin design
devel opment date of June 1, 1997 or |ater nmust neet all design and
contract docunent preparation requirenents discussed previously in
this meno. Projects with a design notice-to-proceed or begin design
devel opment date prior to June 1, 1997 had the project hydraulic
desi gn and plan preparation work performed in accordance with the
procedures in effect at the tinme. |If the designer of such a project
wi shes, he can incorporate the current hydraulic design and plan
preparation requirenents into the project. No anmendnents to Design
Agreenents will be processed to incorporate the current requirenents,
however .

In lieu of incorporating the current hydraulic design and plan
preparation requirenents into these pre-June 1, 1997 projects, the
designer can follow alternate procedures discussed below to
i ncorporate the current pipe related specifications. No anmendnents
to Design Agreenents will be processed to incorporate these revised
requirenents.

These al ternate procedures do not need to be incorporated into
the plans until the Tracings submttal. However, incorporation at
the earliest possible date is appreciated. It is nuch easier to
correct errors during the design phase conpared to the biddi ng phase.

ALTERNATE PROCEDURES FOR PROJECTS WITH NOTICE-TO-PROCEED/START DESIGN
DEVELOPMENT DATE PRIOR TO JUNE 1, 1997

HYDRAULIC DESIGN REQUIREMENTS

It is not necessary to performthe dual hydraulic design
requi red of pipe culvert structures by the current procedure. This
elimnates the potential for pipe pay itens that require different
snooth interior and corrugated interior pipe sizes. Also elimnated
is the potential for pay itens of the follow ng formats:
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Pi pe End Section, 375 nmor 450 mm
Pi pe End Section, 900 nmor Concrete Anchor, 1050 mm

PIPE PAY ITEM REQUIREMENTS

Under this alternate procedure, pipe group pay itens may be used
to pay for pipe installed on the contract. This allows the designer
to utilize all previously prepared plan sheets w thout maki ng changes
to incorporate the pipe types included in the current procedure.

However, there are sone differences in how pipe groups are
handl ed conpared to the previous procedure. These differences are
di scussed bel ow

Pipe Groups Are Structure Specific- The acceptable materials
for a pipe group structure will no longer be found in a
generic list on a standard draw ng.

Pipe Group Pay ltem Indicates At Least Two Materials Are
Acceptable-1f only one material is acceptable for installation
at a structure, a pipe group pay item nust not be used.

Pipe Group Pay ltem Does Not Include Material Specific
Information-Infornmation that pertains to specific pipe
mat eri als, such as thickness or strength classification, is
not included in a pipe group pay item

Pipe Group Pay Item Only Applies to New Structures-If a
structure involves attaching new pipe to an existing one, a
pi pe group designation is not to be nade. A pipe extension
pay itemthat identifies the required material is required for
such a structure.

PIPE MATERIAL SELECTION PROCESS

As is the case with the current regul ar design procedure, it is
necessary to performa material selection process for each structure
with a designated pipe group. The follow ng discussion includes the
steps required to performthe pipe material selection process using
the Pipe Material Selection Software. |If the designer uses the netric
standard drawings to performthe material selection process, simlar

principles apply:

Convert Pipe Group to Equivalent Pipe Type-The software

requi res i nput based on the regul ar design procedure.
Therefore, a pipe group designation is neaningless to the
program and t he equi val ent pipe type nust be determ ned.
Determine Which Pipe Material Interior Designation(s) Are
Acceptable for Culvert Structures- Unl ess the hydraulic design
results state otherw se, programinput for culvert structures
must indicate that both snooth interior and corrugated
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interior pipe materials are acceptable. |If the hydraulic
design for a structure indicates that only materials of a
specific interior designation are to be considered, the
program i nput nust reflect the required interior designation.
However, it is not necessary to indicate on the plans or
include in pipe group pay itemthat a specific pipe interior
designation is required.

Determine Structure Service Life Criteria-The structure pH
required service life duration, and abrasive/ non-abrasive site
designation are all required input for the software. These
paraneters are to be determ ned in accordance with current
desi gn procedures. Again, it is not required to record these
service life criteria on the plans.

Convert Proposed Pipe Size and Cover to Metric Units (uf
English Contract)- The software requires netric input and
provides output in netric units. Therefore, if the contract
is prepared in English units, it is necessary to convert the
pi pe size and cover depth for each structure to the
appropriate netric dinensions. Likew se, after the pipe
materi al selection process is conplete, it is necessary to
convert the software output (corrugation profile, materi al

t hi ckness, D-load rating, etc.) to English units. The
software instruction manual contains information related to
English/metric unit conversions.

The pipe material selection process for specialty structures,
structures that require a specific pipe material, and pi pe extension
structures is performed in accordance with current requirenents
described earlier in this nmeno.

Per petuation of existing drain tile inpacted by construction
activities is handled in the follow ng manner for pre-June 1, 1997
proj ects:

If the tile is to be intercepted by a ditch prior to crossing
mai nl i ne pavenent, the existing tile nust be renoved within
the right-of-way and replaced with the appropriate cl ass of
drain tile (standard class drain tile is no | onger included in
the Standard Specifications). A 3.0 mlong drain tile

term nal section equipped with a rodent screen is required at
the outlet end of the structure.

If the tile is to be intercepted by a ditch after crossing
mai nl i ne pavenent, the existing tile is renoved wthin the
right-of-way and replaced with G oup A Pipe equipped with a
rodent screen. Contact the Standards Section for instructions
regarding material selection for these structures.

If the tile is to be perpetuated by connecting to a storm
drain system the existing tile is renmoved within the right-
of -way and replaced with G oup L Pipe. Contact the Standards
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Section for instructions regarding the selection of
appropriate materials for these structures.

If the tile is perpetuated by reconnecting to the existing
tile at the downstreamright-of-way line, the existing tile is
removed within the right-of-way and replaced with Goup A

Pi pe. Contact the Standards Section for instructions
regarding material selection for these structures.

Revetnment riprap is required at drain tile outlets as di scussed
earlier in this neno for the regul ar design procedure.

ANALYSIS OF PIPE MATERIAL SELECTION PROCESS RESULTS

If the software indicates that there are no naterials acceptable
for installation at a structure site, the designer nmust contact the
St andards Section for additional instructions.

If the software indicates that there is only one materi al
acceptable for a structure, no pipe group designation is to be
assigned. The Structure Data Sheet entry in the “Pipe Goup” colum
is a dash (--) and the word “Pipe” is entered in the colum to the
right. The required material is identified on the appropriate
version of the Pipe Material Sheet (two versions of the Pipe Materi al
Sheet have been prepared for contracts using pipe group pay itens-a
metric version and an English version). The pay itemfor the
structure is of the following format-“Pi pe, Specific Materi al
I dentification, 900 nmmi. The specific material identification
i ncludes the paraneters discussed earlier in this meno for the
regul ar desi gn procedure.

| f the software indicates that two or nore materials are
acceptable for installation at a structure site, the pipe group
designation remains in effect. The pipe group is indicated in the
appropriate colum on the Structure Data Sheet and the word “Pipe” is
entered into the colum to the right. The acceptable materials are
noted on the appropriate version of the Pipe Material Sheet.

Pi pe Material Sheet entries for pipe structures requiring a
specific material and pipe extension structures are identical to
t hose di scussed earlier in this nmeno for the regul ar design
pr ocedure.

No Pipe Material Sheet entries are required for specialty
structures and structures requiring a specific class of drain tile.

UNDERDRAIN REQUIREMENTS

| f the contract contains pipe group pay itens, |ongitudinal
underdrains nust be paid for as Goup K Pipe. Al other underdrain
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related features are to be in accordance with the current
requi renents discussed earlier in this neno.

STANDARD DRAWING REQUIREMENTS

This alternate procedure requires the followng rules related to
standard draw ng sel ecti on:

Standard drawi ng 715-PIPE-01 is not included in netric
contracts that include pipe group pay itens.

Standard drawi ngs MP and MPA are not included in English
contracts that include pipe group pay itens. If such a
contract includes a structural plate pipe structure that
requires concrete field paving, the designer nmust reproduce
the appropriate details from MPA and include themon a plan
detail sheet.

English contracts nust use the E 715-BKFL series of recurring
pl an details instead of Standard Drawings MN and MN-1 to
illustrate backfill requirenents.

It is necessary to include all required underdrain details on
the Typical Cross Section Sheet for all English contracts.
Standard Drawing MN is not to be used on English contracts.

SPECIAL PROVISIONS REQUIREMENTS

The alternate procedure requires the followng rules related to
speci al provision preparation:

Recurring Special Provision 715-R-341, Pipe Material
Selection-This special provision is required for all contracts
Wi th pipe group pay itens.

Recurring Special Provision 715-R-342, Pipe Backfill Methods-
This special provision is required for all contracts with a
Structure Data Sheet that refers to nethod A or nethod B
backfill.

Recurring Special Provision 715-R-361, Pipe Material
Abbreviations- This special provision is avail able for
designers who wi sh to use abbreviations for specific pipe
materials in contract docunents.

Recurring Special Provision 718-R-326, Underdrains-Thi s
special provision is required for all contracts that pay for
| ongi tudi nal underdrains as G oup K Pipe.
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I f there are any questions regarding contract docunent
requi renments for projects with a design notice-to-proceed or start
devel opment date prior to June 1, 1997, the Standards Section nust be
contacted i mmedi ately.

Thi s nmenorandum was prepared by Jeffrey G Janes, Standards
Staff Engi neer, Technical Services Division.

RLV: J@EJ: sc

[ F: \ JEFF\ WORD\ PSLQ\ TA98- 01. DOC]
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TABLE B-1
CONVERSION FROM ENGLISH DESIGN PIPE SIZE

TO METRIC PAY

ITEM PIPE SIZE

CIRCULAR SMOOTH PIPE

DESIGN DIAMETER (in.)

PAY ITEM DIAMETER (mm)

12 300
15 375
18 450
21 525
24 600
27 675
30 750
33 825
36 900
42 1050
48 1200
54 1350
60 1500
66 1650
72 1800
78 1950
84 2100
90 2250
96 2400
102 2550
108 2700
114 2850
120 3000
126 3150
132 3300
138 3450
144 3600
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TABLE B-2
CONVERSION FROM ENGLISH DESIGN PIPE SIZE
TO METRIC PAY ITEM PIPE SIZW
CIRCULAR CORRUGATED PIPE

DESIGN DIAMETER (in.) | PAY ITEM DIAMETER (mm)
12 300
15 375
18 450
21 525
24 600
27 675
30 750
33 825
36 900
42 1050
48 1200
54 1350
60 1500
66 1650
72 1800
78 1950
84 2100
90 2250
96 2400
102 2550
108 2700
114 2850
120 3000
126 3150
132 3300
138 3450
144 3600
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TABLE B-3
CONVERSION FROM ENGLISH DESIGN PIPE SIZE
TO METRIC PAY ITEM PIPE SIZE
CIRCULAR CORRUGATED PIPE (STRUCTURAL PLATE)

DESIGN DIAMETER (ft-in.) | PAY ITEM DIAMETER (mm)
5-0 1500
5-6 1655
6-0 1810
6- 6 1965
7-0 2120
7-6 2275
8-0 2430
8-6 2585
9-0 2740
9-6 2895
10-0 3050
10-6 3205
11-0 3360
11-6 3515
12-0 3670
12-6 3825
13-0 3980
13-6 4135
14-0 4290
14-6 4445
15-0 4600
15-6 4755
16-0 4910
16-6 5065
17-0 5220
17-6 5375
18-0 5530
18-6 5685
19-0 5840
19-6 5995
20-0 6150
20- 6 6305
21-0 6460
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TABLE B-4

CONVERSION FROM ENGLISH DESIGN PIPE SIZE

TO METRIC PAY ITEM PIPE SIZE
DEFORMED CORRUGATED PIPE

6- 15-98

DESIGN PIPE SIZE | DESIGN AREA METRIC PIPE SIZE PAY ITEM AREA
(in. x in.) (sft) (mm x mm) (m?)
17 x 13 1.1 430 x 330 0. 10
21 x 15 1.6 530 x 380 0. 15
24 x 18 2.2 610 x 460 0. 20
28 x 20 2.9 710 x 510 0. 27
35 x 24 4.5 885 x 610 0.42
42 x 29 6.5 1060 x 740 0. 60
49 x 33 8.9 1240 x 840 0.83
57 x 38 11.6 1440 x 970 1.08
64 x 43 14. 7 1620 x 1100 1.37
71 x 47 18.1 1800 x 1200 1.68
77 x 52 21.9 1950 x 1320 2.03
83 x 57 26.0 2100 x 1450 2.42
60 x 46 15.6 1520 x 1170 1.45
66 x 51 19. 3 1670 x 1300 1.79
73 x 55 23.2 1850 x 1400 2.16
81 x 59 27.4 2050 x 1500 2.55
87 x 63 32. 1 2200 x 1620 2.98
95 x 67 37.0 2400 x 1720 3.44
103 x 71 42. 4 2600 x 1820 3.94
112 x 75 48. 0 2840 x 1920 4.46
117 x 79 54.2 2970 x 2020 5.04
128 x 83 60. 5 3240 x 2120 5.62
137 x 87 67.4 3470 x 2220 6. 26
142 x 91 74.5 3600 x 2320 6. 92
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TABLE B-5
CONVERSION FROM ENGLISH DESIGN TO METRIC PAY ITEM PIPE SIZE
DEFORMED CORRUGATED PIPE (STRUCTURAL PLATE)

DESIGN PIPE SIZE | DESIGN AREA METRIC PIPE SIZE PAY ITEM AREA
(ft-in. x ft-iIn.) (stt) (mm x mm) (m?)
STRUCTURAL PLATE STEEL PIPE-ARCH

6-1 x 4-7 22 1850 x 1400 2.0
6-4 x 4-9 24 1930 x 1450 2.2
6-9 x 4-11 26 2060 x 1500 2.4
7-0 x 5-1 28 2130 x 1550 2.6
7-3 x 5-3 31 2210 x 1600 2.9
7-8 x 5-5 33 2340 x 1650 3.1
7-11 x 5-7 35 2410 x 1700 3.3
8-2 x 5-9 38 2490 x 1750 3.5
8-7 x 5-11 40 2620 x 1800 3.7
8-10 x 6-1 43 2690 x 1850 4.0
9-4 x 6-3 46 2840 x 1910 4.3
9-6 x 6-5 49 2900 x 1960 4.6
9-9 x 6-7 52 2970 x 2010 4.8
10-3 x 6-9 55 3120 x 2060 5.1
10-8 x 6-11 58 3250 x 2110 5.4
10-11 x 7-1 61 3330 x 2160 5.7
11-5 x 7-3 64 3480 x 2210 5.9
11-7 x 7-5 67 3530 x 2260 6.2
11-10 x 7-7 71 3610 X 2310 6.6
12-4 x 7-9 74 3760 x 2360 6.9
12-6 x 7-11 78 3810 x 2410 7.2
12-8 x 8-1 81 3860 x 2460 7.5
12-10 x 8-4 85 3910 x 2540 7.9
13-3 x 9-4 97 4040 x 2840 9.0
13-6 x 9-6 102 4110 x 2900 9.5
14-0 x 9-8 105 4270 x 2950 9.8
14-2 x 9-10 109 4320 x 3000 10. 1
14-5 x 10-0 114 4390 x 3050 10. 6
14-11 x 10-2 118 4550 x 3100 11.0
15-4 x 10-4 123 4670 x 3150 11.4
15-7 x 10-6 127 4750 x 3200 11.8
15-10 x 10-8 132 4830 x 3250 12.3
16-3 x 10-10 137 4950 x 3300 12.7
16-6 x 11-0 142 5030 x 3350 13. 2
17-0 x 11-2 146 5180 x 3400 13.6
17-2 x 11-4 151 5230 x 3450 14.0
17-5 x 11-6 157 5310 x 3510 14. 6
17-6 x 11-8 161 5460 x 3560 15.0
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TABLE B-5 (CONTINUED)
CONVERSION FROM ENGLISH DESIGN TO METRIC PAY ITEM PIPE SIZE
DEFORMED CORRUGATED PIPE (STRUCTURAL PLATE)

DESIGN PIPE SIZE | DESIGN AREA METRIC PIPE SIZE PAY ITEM AREA
(ft-in. x ft-iIn.) (stt) (mm x mm) (m?)
STRUCTURAL PLATE STEEL PIPE-ARCH (CONTINUED)
18-1 x 11-10 167 5570 x 3610 15.5
18-7 x 12-0 172 5660 x 3660 16.0
18-9 x 12-2 177 5720 x 3710 16.4
19-3 x 12-4 182 5870 x 3760 16. 9
19-6 x 12-6 188 5940 x 3810 17.5
19-8 x 12-8 194 5990 x 3860 18.0
19-11 x 12-10 200 6070 x 3910 18. 6
20-5 x 13-0 205 6220 x 3960 19.0
20-7 x 13-2 211 6270 x 4010 19.6
STRUCTURAL PLATE ALUMINUM ALLOY PIPE-ARCH

6-7 x 5-8 29 2010 x 1730 2.7
6-11 x 5-9 31 2110 x 1750 2.9
7-3 x 5-11 34 2210 x 1800 3.2
7-9 x 6-0 36 2360 x 1830 3.3
8-1 x 6-1 39 2460 x 1850 3.6
8-5 x 6-3 41 2570 x 1910 3.8
8-10 x 6-4 44 2690 x 1930 4.1
9-3 x 6-5 47 2820 x 1960 4.4
9-7 X 6-6 49 2920 x 1980 4.6
9-11 x 6-8 52 3020 x 2030 4.8
10-3 x 6-9 55 3120 x 2060 5.1
10-90 x 6-10 58 3280 x 2080 5.4
11-1 x 7-0 61 3380 x 2130 5.7
11-5 x 7-1 64 3480 x 2160 5.9
11-9 x 7-2 67 3580 x 2180 6.2
12-3 x 7-3 70 3730 x 2210 6.5
12-7 x 7-5 73 3840 x 2260 6.8
12-11 x 7-6 77 3940 x 2290 7.2
13-1 x 8-2 83 3990 x 2490 7.7
13-1 x 8-4 86 3990 x 2540 8.0
13-11 x 8-5 90 4240 x 2570 8.4
14-0 x 8-7 94 4270 x 2620 8.7
13-11 x 9-5 101 4240 x 2870 9.4
14-3 x 9-7 105 4340 x 2920 9.8
14-8 x 9-8 109 4470 x 2950 10.1
14-11 x 9-10 114 4550 x 3000 10. 6
15-4 x 10-0 118 4670 x 3050 11.0
15-7 x 10-2 123 4750 x 3100 11.4
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TABLE B-5 (CONTINUED)
CONVERSION FROM ENGLISH DESIGN TO METRIC PAY ITEM PIPE SIZE
DEFORMED CORRUGATED PIPE (STRUCTURAL PLATE)

DESIGN PIPE SIZE | DESIGN AREA METRIC PIPE SIZE PAY ITEM AREA
(ft-in. x ft-iIn.) (stt) (mm x mm) (m?)
STRUCTURAL PLATE ALUMINUM ALLOY PIPE-ARCH (CONTINUED)

16-1 x 10-4 127 4900 x 3150 11. 8
16-4 x 10-6 132 4980 x 3200 12. 3
16-9 x 10-8 136 5110 x 3250 12.6
17-0 x 10-10 141 5180 x 3000 13.1
17-3 x 11-0 146 5260 x 3350 13.6
17-9 x 11-2 151 5410 x 3400 14.0
18-0 x 11-4 156 5490 x 3450 14.5
18-5 x 11-6 161 5610 x 3510 15.0
18-8 x 11-8 167 5690 x 3560 15.5
19-2 x 11-9 172 5840 x 3580 16.0
19-5 x 11-11 177 5920 x 3630 16. 4
19-10 x 12-1 182 6050 x 3680 16. 9
20-1 x 12-3 188 6120 x 3730 17.5
20-1 x 12-6 194 6120 x 3810 18.0
2010 x 12-7 199 6350 x 3840 18.5
21-1 x 12-9 205 6430 x 3890 19.0
21-1 x 12-11 211 6430 x 3940 19. 6
20-1 x 13-11 216 6120 x 4240 20.1
20-7 x 14-3 224 6270 x 4340 20. 8
21-5 x 14-7 241 6530 x 4450 22. 4
21-11 x 14-11 254 6680 x 4550 23.6
22-8 x 15-3 267 6910 x 4650 24.8




CONVERSION FROM ENGLISH DESIGN TO METRIC PAY

TABLE B-6

DEFORMED SMOOTH PIPE

6- 15-98

ITEM PIPE SIZE

DESIGN PIPE SIZE

DESIGN AREA

METRIC PIPE SIZE PAY ITEM AREA

(in. x in.) (sft) (mm x mm) (m?)
23 x 14 1.8 575 x 365 0.17
30 x 19 3.3 770 x 490 0.31
34 x 22 4.1 865 x 550 0. 38
38 x 24 5.1 960 x 610 0. 47
42 x 27 6.3 1055 x 670 0.59
45 x 29 7.4 1150 x 730 0.68
49 x 32 8.8 1250 x 795 0.82
53 x 34 10. 2 1345 x 855 0. 95
60 x 38 12.9 1535 x 975 1.20
68 x 43 16. 6 1730 x 1095 1.55
76 x 48 20.5 1920 x 1220 1.90
83 x 53 24.8 2110 x 1340 2. 30
91 x 58 29.5 2305 x 1465 2.73
98 x 63 34.6 2495 x 1585 3.21
106 x 68 40. 1 2690 x 1705 3.73
113 x 72 46. 1 2880 x 1830 4.28
121 x 77 52. 4 3070 x 1950 4.87
128 x 82 59.2 3265 x 2075 5.49
136 x 87 66. 4 3455 x 2195 6. 17
143 x 92 74.0 3648 x 2315 6. 87
151 x 97 82.0 3840 x 2440 7.63
166 x 106 99. 2 4225 x 2680 9.22
180 x 116 118.6 4610 x 2925 11.02




CONVERSION FROM ENGLISH DESIGN TO METRIC PAY

TABLE B-7

PRECAST REINFORCED CONCRETE BOX SECTIONS
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ITEM PIPE SIZE

DESIGN BOX SIZE | PAY ITEM SIZE | DESIGN BOX SIZE | PAY ITEM SIZE
(ft x ) (mm x mm) (ft x ) (mm x mm)
3 x 2 900 x 600 10 x 5 3000 x 1500
3 x 3 900 x 900 10 x 6 3000 x 1800
4 x 2 1200 x 600 10 x 7 3000 x 2100
4 x 3 1200 x 900 10 x 8 3000 x 2400
4 x 4 1200 x 1200 10 x 9 3000 x 2700
5x 3 1500 x 900 10 x 10 3000 x 3000
5 x 4 1500 x 1200 11 x 4 3300 x 1200
5x 5 1500 x 1500 11 x 6 3300 x 1800
6 x 3 1800 x 900 11 x 8 3300 x 2400
6 x 4 1800 x 1200 11 x 10 3300 x 3000
6 X 5 1800 x 1500 11 x 11 3300 x 3300
6 X 6 1800 x 1800 12 x 4 3600 x 1200
7 x 4 2100 x 1200 12 x 6 3600 x 1800
7 X 5 2100 x 1500 12 x 8 3600 x 2400
7 X 6 2100 x 1800 12 x 10 3600 x 3000
7 X 7 2100 x 2100 12 x 12 3600 x 3600
8 x 4 2400 x 1200
8 x 5 2400 x 1500
8 x 6 2400 x 1800
8 x 7 2400 x 2100
8 x 8 2400 x 2400
9 x 5 2700 x 1500
9 x 6 2700 x 1800
9 x 7 2700 x 2100
9 x 8 2700 x 2400
9 x 9 2700 x 2700




CONVERSION FROM ENGLISH DESIGN TO METRIC PAY

TABLE B-8
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ITEM PIPE SIZE

PRECAST REINFORCED CONCRETE THREE SIDED CULVERT

DESIGN CULVERT PAY I1TEM DESIGN CULVERT PAY 1TEM
SIZE SIZE SIZE SIZE
(ft x ) (mm x mm (ft x fv) (mm x mm)
12 x 3 3600 x 900 16 x 3 4800 x 900
12 x 4 3600 x 1200 16 x 4 4800 x 1200
12 x 5 3600 x 1500 16 x 5 4800 x 1500
12 x 6 3600 x 1800 16 x 6 4800 x 1800
12 x 7 3600 x 2100 16 x 7 4800 x 2100
12 x 8 3600 x 2400 16 x 8 4800 x 2400
12 x 9 3600 x 2700 16 x 9 4800 x 2700
12 x 10 3600 x 3000 16 x 10 4800 x 3000
13 x 3 3900 x 900 17 x 3 5100 x 900
13 x 4 3900 x 1200 17 x 4 5100 x 1200
13 x 5 3900 x 1500 17 x 5 5100 x 1500
13 x 6 3900 x 1800 17 x 6 5100 x 1800
13 x 7 3900 x 2100 17 x 7 5100 x 2100
13 x 8 3900 x 2400 17 x 8 5100 x 2400
13 x 9 3900 x 2700 17 x 9 5100 x 2700
13 x 10 3900 x 3000 17 x 10 5100 x 3000
14 x 3 4200 x 900 18 x 3 5400 x 900
14 x 4 4200 x 1200 18 x 4 5400 x 1200
14 x 5 4200 x 1500 18 x 5 5400 x 1500
14 x 6 4200 x 1800 18 x 6 5400 x 1800
14 x 7 4200 x 2100 18 x 7 5400 x 2100
14 x 8 4200 x 2400 18 x 8 5400 x 2400
14 x 9 4200 x 2700 18 x 9 5400 x 2700
14 x 10 4200 x 3000 18 x 10 5400 x 3000
15 x 3 4500 x 900 19 x 3 5700 x 900
15 x 4 4500 x 1200 19 x 4 5700 x 1200
15 x 5 4500 x 1500 19 x 5 5700 x 1500
15 x 6 4500 x 1800 19 x 6 5700 x 1800
15 x 7 4500 x 2100 19 x 7 5700 x 2100
15 x 8 4500 x 2400 19 x 8 5700 x 2400
15 x 9 4500 x 2700 19 x 9 5700 x 2700
15 x 10 4500 x 3000 19 x 10 5700 x 3000
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CONVERSION FROM ENGLISH DESIGN TO METRIC PAY

TABLE B-8 (CONTINUED)

6- 15-98

ITEM PIPE SIZE

PRECAST REINFORCED CONCRETE THREE SIDED CULVERT

DESIGN CULVERT PAY I1TEM DESIGN CULVERT PAY 1TEM
SIZE SIZE SIZE SIZE
(ft x fv) (mm x mm (ft x ) (mm x mm)
20 x 3 6000 x 900 24 x 3 7200 x 900
20 x 4 6000 x 1200 24 x 4 7200 x 1200
20 x 5 6000 x 1500 24 x 5 7200 x 1500
20 x 6 6000 x 1800 24 x 6 7200 x 1800
20 x 7 6000 x 2100 24 x 7 7200 x 2100
20 x 8 6000 x 2400 24 x 8 7200 x 2400
20 x 9 6000 x 2700 24 x 9 7200 x 2700
20 x 10 6000 x 3000 24 x 10 7200 x 3000
21 x 3 6300 x 900 25 x 3 7500 x 900
21 x 4 6300 x 1200 25 x 4 7500 x 1200
21 x 5 6300 x 1500 25 x 5 7500 x 1500
21 X 6 6300 x 1800 25 x 6 7500 x 1800
21 x 7 6300 x 2100 25 x 7 7500 x 2100
21 x 8 6300 x 2400 25 x 8 7500 x 2400
21 x 9 6300 x 2700 25 x 9 7500 x 2700
22 x 3 6600 x 900 26 x 3 7800 x 900
22 x 4 6600 x 1200 26 x 4 7800 x 1200
22 x 5 6600 x 1500 26 x 5 7800 x 1500
22 X 6 6600 x 1800 26 x 6 7800 x 1800
22 x 7 6600 x 2100 26 x 7 7800 x 2100
22 x 8 6600 x 2400 26 x 8 7800 x 2400
22 x 9 6600 x 2700 26 x 9 7800 x 2700
22 x 10 6600 x 3000 26 x 10 7800 x 3000
23 x 3 6900 x 900 27 x 3 8100 x 900
23 x 4 6900 x 1200 27 x 4 8100 x 1200
23 x 5 6900 x 1500 27 x 5 8100 x 1500
23 X 6 6900 x 1800 27 X 6 8100 x 1800
23 x 7 6900 x 2100 27 x 7 8100 x 2100
23 x 8 6900 x 2400 27 x 8 8100 x 2400
23 x 9 6900 x 2700 27 x 9 8100 x 2700
23 x 10 6900 x 3000 27 x 10 8100 x 3000
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TABLE B-8 (CONTINUED)
CONVERSION FROM ENGLISH DESIGN TO METRIC PAY ITEM PIPE SIZE
PRECAST REINFORCED CONCRETE THREE SIDED CULVERT

DESIGN CULVERT SIZE | PAY ITEM SIXE
(ft x fv) (mm x mm)
28 x 3 8400 x 900
28 x 4 8400 x 1200
28 x 5 8400 x 1500
28 X 6 8400 x 1800
28 x 7 8400 x 2100
28 x 8 8400 x 2400
28 x 9 8400 x 2700
28 x 10 8400 x 3000
29 x 3 8700 x 900
29 x 4 8700 x 1200
29 x 5 8700 x 1500
29 X 6 8700 x 1800
29 x 7 8700 x 2100
29 x 8 8700 x 2400
29 x 9 8700 x 2700
29 x 10 8700 x 3000
30 x 3 9000 x 900
30 x 4 9000 x 1200
30 x 5 9000 x 1500
30 x 6 9000 x 1800
30 x 7 9000 x 2100
30 x 8 9000 x 2400
30 x 9 9000 x 2700
30 x 10 9000 x 3000
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TABLE B-9
NON-REINFORCED CONCRETE PIPE, CLASS 3 WALL THICKNESS

PIPE SIZE (mm) | WALL THICKNESS (mm)
300 44
375 47
450 57
525 69
600 85
675 94
750 107
825 113
900 119
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TABLE B-10
REINFORCED CONCRETE PIPE WALL THICKNESS

PIPE SIZE (mm) | WALL THICKNESS (mm)
300 69
375 75
450 82
525 88
600 94
675 100
750 106
825 113
900 119
1050 132
1200 144
1350 157
1500 169
1650 182
1800 194
1950 207
2100 219
2250 232
2400 244
2550 257
2700 269
2850 282
3000 294
3150 307
3300 319
3450 332
3600 344
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PRECAST REINFORCED CONCRETE BOX SECTION WALL THICKNESS

TABLE B-11

SPAN x RISE WALL THICKNESS (mm)
(mm x mm) COVER < 0.6 m COVER $ 0.6 m
900 x 600 175 100
900 x 900 175 100
1200 x 600 190 125
1200 x 900 190 125
1200 x 1200 190 125
1500 x 900 200 150
1500 x 1200 200 150
1500 x 1500 200 150
1800 x 900 200 175
1800 x 1200 200 175
1800 x 1500 200 175
1800 x 1800 200 175

2100 x 1200 200 200

2100 x 1500 200 200

2100 x 1800 200 200

2100 x 2100 200 200

2400 x 1200 200 200
2400 x 1500 200 200
2400 x 1800 200 200
2400 x 2100 200 200
2400 x 2400 200 200
2700 x 1500 225 225
2700 x 1800 225 225
2700 x 2100 225 225
2700 x 2400 225 225
2700 x 2700 225 225
3000 x 1500 250 250
3000 x 1800 250 250
3000 x 2100 250 250
3000 x 2400 250 250
3000 x 2700 250 250
3000 x 3000 250 250
3300 x 1200 275 275
3300 x 1800 275 275
3300 x 2400 275 275
3300 x 3000 275 275
3300 x 3300 275 275
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PRECAST REINFORCED CONCRETE BOX SECTION WALL THICKNESS

TABLE B-11 (CONTINUED)

SPAN x RISE WALL THICKNESS (mm)
(mm x mm) COVER < 0.6 m COVER $ 0.6 m
3600 x 1200 300 300
3600 x 1800 300 300
3600 x 2400 300 300
3600 x 3000 300 300
3600 x 3600 300 300
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TABLE B-12
REINFORCED CONCRETE HORIZONTAL ELLIPTICAL PIPE WALL THICKNESS

SPAN X RISE | WALL THICKNESS
(mm x mm) (mm)
575 x 365 69
770 x 490 82
865 x 550 88
960 x 610 94
1055 x 670 94
1150 x 730 113
1250 x 795 119
1345 x 855 125
1535 x 975 138
1730 x 1095 150
1920 x 1220 163

2110 x 1340 175

2305 x 1465 188

2495 x 1585 200

2690 x 1705 213

2880 x 1830 225

3070 x 1950 238
3265 x 2075 244
3455 x 2195 250
3648 x 2315 263
3840 x 2440 275

4225 x 2680 300

4610 x 2995 325
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The foll owm ng pipe materi al

PIPE MATERIAL ABBREVIATIONS

abbrevi ati ons have been used:

9-1-98

ABBREVIATION PIPE MATERIAL
CSP Corrugated Steel Pipe
CSPA Corrugated Steel Pipe-Arch
FBC&L Full'y Bi tum nous Coated & Lined
ZC Zi nc Coat ed
ACT2 Al um num Coated Type 2
PPG Pol ymer Precoated Gal vani zed
FBBC Fi ber Bonded Bitum nous Coated
CAAP Corrugated Al um num Al | oy Pi pe
CAAPA Corrugated Al um num Al | oy Pi pe-Arch
SPSP Structural Plate Steel Pipe
SPSPA Structural Plate Steel Pipe-Arch
SPAAP Structural Plate Alum num Al | oy Pipe
SPAAPA Structural Plate Al um num All oy Pi pe-Arch

715- R- 361



